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Abstract

Observer variability in local radiological reading is a major concern in large-scale multi-center traumatic brain injury

(TBI) studies. A central review process has been advocated to minimize this variability. The aim of this study is to

compare central with local reading of TBI imaging datasets and to investigate the added value of central review. A total of

2050 admission computed tomography (CT) scans from subjects enrolled in the Collaborative European NeuroTrauma

Effectiveness Research in Traumatic Brain Injury (CENTER-TBI) study were analyzed for seven main CT characteristics.

Kappa statistics were used to calculate agreement between central and local evaluations and a center-specific analysis was

performed. The McNemar test was used to detect whether discordances were significant. Central interobserver and intra-

observer agreement was calculated in a subset of patients. Good agreement was found between central and local as-

sessment for the presence or absence of structural pathology (CT+, CT-, j = 0.73) and most CT characteristics (j = 0.62 to

0.71), except for traumatic axonal injury lesions (j = 0.37). Despite good kappa values, discordances were significant in

four of seven CT characteristics (i.e., midline shift, contusion, traumatic subarachnoid hemorrhage, and cisternal com-

pression; p = 0.0005). Central reviewers showed substantial to excellent interobserver and intra-observer agreement

(j = 0.73 to j = 0.96), contrasted by considerable variability in local radiological reading. Compared with local evaluation,

a central review process offers a more consistent radiological reading of acute CT characteristics in TBI. It generates

reliable, reproducible data and should be recommended for use in multi-center TBI studies.
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Introduction

Computed tomography (CT) imaging remains the modality

of choice for assessing structural brain damage in the acute

phase after traumatic brain injury (TBI).1–3 It allows for the de-

tection of most injuries and can indicate the need for surgical in-

tervention or intracranial pressure management.1,4

Several acute CT characteristics and intracranial lesion types

have shown to be strong predictors of clinical outcome.5–9 In large-

scale multi-center research initiatives, they are therefore often

collected and assessed by investigators as key radiological vari-

ables.10,11 However, the investigator-based assessment process is

taking place in an acute clinical setting, which is difficult to stan-

dardize. Depending on the number of participating clinical centers,

the pool of readers can become very heterogeneous in terms of

experience, training, and use of terminology. This has been asso-

ciated with high observer variability and can possibly confound

statistical analyses.12,13

Various reports have stressed the importance of minimizing ob-

server variability and have advocated a centralized reading pro-

cess.12,14 In central review, a limited pool of independent readers,

blinded to patient information, receive uniform training to assess

images according to a standardized reading protocol.13 A standard

lexicon of common data elements (CDEs) is used that can be entered

into structured templates.15 This approach to evaluation already has

shown great benefits in other fields of medicine.13 Not only can it
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minimize observer variability, but it can also provide highly struc-

tured data that may facilitate cohort analysis of large datasets across

and between different TBI studies.10

Despite the implementation of both radiological reading ap-

proaches in multi-center TBI research projects, the degree of

agreement between central and local assessments has not been

extensively studied. Our objective was therefore to determine the

value of a central reading process by comparing central and local

assessments of acute CT characteristics, by computing central in-

terobserver and intra-observer agreement and by investigating the

variability of local radiological readings.

Methods

Study population and CT assessors

This study was conducted in the context of the Collaborative
European NeuroTrauma Effectiveness Research in Traumatic
Brain Injury (CENTER-TBI)10 project, that included a multi-center
longitudinal and observational study (registered at clinical-
trials.gov: NCT02210221). The CENTER-TBI study implemented
both central and local reading of CT characteristics. Patients with a
clinical diagnosis of TBI and an indication for CT scanning were
enrolled in three strata, differentiated by care path: Emergency
Room (ER) stratum (patients discharged from the ER), Admission
(ADM) stratum (patients admitted to the hospital ward), or In-
tensive Care Unit (ICI) stratum (patients admitted primarily to the
ICU). The study protocol was approved by the national and local
ethics committees for each participating center. Informed consent,
including use of data for other research purposes, was obtained in
each subject according to local regulations.

For this study, we used data on 2050 CT scans, obtained between
January 2015 and March 2018, from 34 centers that enrolled at least
10 patients. Imaging datasets that had been labeled as ‘‘unin-
terpretable’’ by the central reviewers (i.e., datasets with large ar-
tefacts or noise) were excluded from the analysis. At minimum,
transverse scans with reconstructed section thickness of 3–5 mm
were present in all datasets. All centers used routine clinical pro-
tocols. CT scanners came from four different vendors (i.e., Sie-
mens, 16 centers; General Electric, eight centers; Philips, five
centers; and Toshiba, five centers). The majority of scanners were
64 slice-dual source (65%) or 128 slice-dual source (24%) CT
scanners. Only four centers (12%) were 16 slice dual source.

Initial radiological assessments were performed by local radi-
ologists, radiology residents, neurosurgeons or intensivists ac-
cording to their own local clinical practices. Findings were entered
into a clinical database via electronic case report forms by either the
physician who performed the assessment (15/34 centers) or by a
third person (19/34 centers), based on the radiological report. CT
scans were then de-identified and transferred to a central imaging
repository for storage and independent central reading. Patients
were coded by means of a Global Unique Patient Identifier to en-
sure adequate de-identification. The central review panel consisted
of three protocol-trained reviewers (i.e., one supervising neurora-
diologist with over 25 years of clinical experience at the time of the
study, and two neuroanatomists, trained to read head CTs for the
CENTER-TBI study with 1 to 2 years of experience at the time of
the study) who entered CT characteristics into custom-made
structured templates, according to the National Institute of Neu-
rological Disorders and Stroke (NINDS) TBI Common Data
Elements (TBI-CDE).15 These are standardized formats with
common terminology and operational definitions to interpret ra-
diologic images of TBI patients. The reviewers were blinded to
local assessment and clinical patient information, except for gen-
der, age, and care path stratum. Each CT report was generated by
consensus between one of the two neuroanatomists and the expert
neuroradiologist.

Observer agreement

Agreement between central and local assessments. The
following overlapping seven acute CT characteristics were ex-
tracted from the 2050 assessments in the clinical database and the
central imaging repository: epidural hematoma, subdural hema-
toma, traumatic subarachnoid hemorrhage (tSAH), contusion,
traumatic axonal injury (TAI), midline shift (MLS), and cisternal
compression. For the purposes of this study, we defined a positive
CT scan (CT+) as a CT scan showing any of the selected CT
characteristics. A negative CT scan (CT-) was defined as a CT scan
showing none of the selected CT characteristics. The dataset con-
sisted of 1364 males (67%) and 686 females (33%) with a median
age of 51 years (standard deviation [SD] = 21.99). A total of 451
(22%) patients were in the ER stratum, 716 (35%) patients were in
the admission stratum, and 883 (43%) were in the ICU stratum.
Scans came from 34 clinical centers in Europe, with a minimum of
11 and a maximum of 234 scans per center.

Variability between centers in agreement with central re-
view. For the center-specific analysis, we calculated the agree-
ment between the individual centers and the central review and
retrospectively sent out a questionnaire to the participating centers
to estimate the number of readers that were involved in initial CT
assessment and to disclose the background and experience of the
local readers.

Agreement between central reviewers. A subset of 100
unread CT examinations was randomly selected from the imaging
repository and independently assessed by the three central re-
viewers to calculate interobserver agreement. This smaller dataset
consisted of 69 males (69%) and 31 females (31%), with a median
age of 49.5 years (SD = 18.64). A total of 22 were ER patients
(22%), 29 were admitted to the hospital (ADM; 29%) and 49 pa-
tients were ICU patients (49%). Scans came from 20 centers in
Europe, with a minimum of one and a maximum of 16 scans per
center. A consensus dataset was created based on the readings of
the three reviewers and used to compare with the lesions reported
by the centers in the larger dataset. We performed this analysis to
ensure that the smaller sample (n = 100) was representative of the
larger sample (n = 2050). The presence of CT characteristics did not
statistically differ from the larger dataset (n = 2050) for five of
seven characteristics (CT+, contusion, tSAH, MLS, and TAI;
p > 0.005). Two characteristics were more prevalent in the smaller
dataset: basal cistern compression and acute subdural hematoma
(22% vs. 11%, p = 0.002; and 44% vs. 28%, p = 0.001). These
findings indicate that the two datasets had a similar overall com-
position, with slightly more pathology in the smaller dataset. Intra-
observer agreement was calculated on a subset of 20 CT scans that
were randomly drawn from the smaller data set (n = 100) and were
assessed by each central reviewer a second time, with a minimum
interval of 4 months between reviews.

Statistical analysis

Cohen’s kappa statistics were calculated to assess the overall
agreement between central and local assessments and to assess the
intra-observer agreement between central reviewers. Fleiss’ kappa
statistics were used to calculate interobserver agreement between
the three central reviewers. Values below 0.2 indicate poor agree-
ment; between 0.21 and 0.4, fair agreement; between 0.41 and 0.60,
moderate agreement; between 0.61 and 0.8, substantial agreement;
and >0.8, excellent agreement.16

For each individual CT characteristic, we calculated the
McNemar’s test to determine if the differences in the proportion of
discordant findings between central and local readings were sig-
nificant, taking into account the matched data.17 As opposed to
Cohen’s kappa, the McNemar test only takes into account the
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proportion of discordant findings.17 We chose a p value threshold
of 0.05 to indicate systematic differences between the proportion
of abnormal findings. Finally, descriptive statistics were used to
quantify the variability in the pool of local readers.

All statistical analyses were performed in R (version 3.3.1.).

Results

Agreement between central and local assessments

Table 1 shows the number of times individual CT characteristics

were reported by the centers and by the central review for 2050

patients. Good agreement (j = 0.73) was found between the central

review and the centers for detecting a positive CT (CT+) scan. For

most individual CT characteristics, we found relatively good kappa

values (j = 0.62 to j = 0.71), except for TAI lesions (j = 0.37).

Overall, central reviewers reported more tSAH (45% vs. 38%) and

cisternal compression (12% vs. 8%), while investigators reported

more contusions (34% vs. 30%) and MLS (14% vs. 9%). Despite

good kappa values, these discordances in reporting were significant,

as indicated by a positive McNemar’s test ( p = 0.000, 95% CI).

Agreement between central reviewers

Table 2 shows Fleiss kappa values between central reviewers for

100 patients and intra-observer agreement for the three reviewers on

a subset of 20 patients. CT+ was almost perfect (j = 0.96). For

individual CT characteristics, values ranged from substantial to

excellent (i.e., epidural hematoma, j = 0.78; subdural hematoma,

Table 1. Agreement between Central and Local Radiological Evaluation of 2050 Admission CT Scans

Central and site
agreement (n = 2050) Detection frequency Concordance (n) Discordance (n)

Kappa (95% CI) Central (n) Site (n) +/+ -/- +/- -/+
McNemar
(p value)

CT+ 0.73 (0.70–0.76) 1221 (60%) 1222 (60%) 1098 696 133 132 1.000
CT- 0.73 (0.70–0.76) 829 (40%) 828 (40%) 696 1098 132 133 1.000
Epidural hematoma 0.64 (0.59–0.70) 221 (11%) 217 (11%) 149 1761 72 68 0.800
Acute subdural hematoma 0.63 (0.59–0.67) 574 (28%) 587 (29%) 425 1315 148 162 0.460
tSAH 0.65 (0.62–0.68) 931 (45%) 770 (38%) 677 1026 254 93 0.000
Contusion 0.62 (0.58–0.65) 603 (30%) 692 (34%) 477 1232 126 215 0.000
TAI 0.37 (0.31–0.44) 188 (9%) 176 (9%) 78 1764 110 98 0.446
MLS 0.71 (0.66–0.76) 190 (9%) 277 (14%) 173 1756 17 104 0.000
Cisternal compression 0.62 (0.56–0.68) 236 (12%) 161 (8%) 129 1784 105 32 0.000

Kappa values for a positive and negative CT scan (CT+, CT-; see Methods section) and 7 different CT characteristics. Frequencies in which CT
characteristics were reported by the investigator sites and by the central review are also shown, with associated McNemar’s tests for discordance of paired
values.

+/+ (concordant present between central review and site)
-/- (concordant absent between central review and site)
+/- (discordant present central review and absent site)
-/+ (discordant absent central review and present site).
CT, computed tomography; CI, confidence interval; tSAH, traumatic subarachnoid hemorrhage; TAI, traumatic axonal injury; MLS, midline shift.

Table 2. Interobserver and Intra-Observer Agreement between Central Reviewers

Central inter-observer
agreement (n = 100)

Central intra-observer
agreement (n = 20)

Kappa (95% CI) Detection frequency (n = 100) Kappa (95% CI)

CR1 + 2 + 3 CR1 CR2 CR3 CR1 CR2 CR3
CT+ 0.96 (0.84, 1.07) 61 (61%) 62 (62%) 59 (59%) 1.00 (1.00–1.00) 0.89 (0.67–1.00) 1.00 (1.00–1.00)
CT- 0.96 (0.84, 1.07) 39 (39%) 38 (38%) 41 (41%) 1.00 (1.00–1.00) 0.89 (0.67–1.00) 1.00 (1.00–1.00)
Epidural

hematoma
0.78 (0.67, 0.90) 17 (17%) 17 (17%) 16 (16%) 0.32 (-0.27–0.90) 0.62 (0.15–1.00) 0.61 (0.11–1.00)

Acute subdural
hematoma

0.81 (0.70, 0.93) 38 (38%) 40 (40%) 34 (34%) 0.80 (0.54–1.00) 0.80 (0.54–1.00) 0.90 (0.71–1.00)

tSAH 0.83 (0.71, 0.94) 49 (49%) 51 (51%) 49 (49%) 0.70 (0.40–1.00) 0.79 (0.53–1.00) 0.60 (0.26–0.94)
Contusion 0.87 (0.75, 0.98) 34 (34%) 36 (36%) 33 (33%) 0.90 (0.71–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
TAI 0.84 (0.73, 0.95) 12 (12%) 12 (12%) 11 (11%) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
MLS 0.84 (0.73, 0.96) 11 (11%) 11 (11%) 14 (14%) 0.77 (0.35–1.00) 0.83 (0.50–1.00) 0.77 (0.39–1.00)
Cisternal

compression
0.73 (0.62, 0.84) 15 (15%) 17 (17%) 22 (22%) 0.69 (0.31–1.00) 0.58 (0.19–0.98) 0.73 (0.39–1.00)

Kappa values for a positive and negative CT scan (CT+, CT-, see Methods) and 7 different CT characteristics. Frequencies are shown in which CT
characteristics were reported by the central review for a subset of patients (n = 100) and intra-observer agreement is shown for the three protocol-trained
central reviewers for 20 patients.

CI, confidence interval; CR, central reader; CT, computed tomography; tSAH, traumatic subarachnoid hemorrhage; TAI, traumatic axonal injury;
MLS, midline shift.
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j = 0.81; tSAH, j = 0.83; contusion, j = 0.87; TAI, j = 0.84; cisternal

compression, j = 0.73; MLS, j = 0.84). Intra-observer agreement

was excellent for all three reviewers for all CT characteristics, except

for epidural hematoma in one reviewer (j = 0.32) and cisternal

compression in another reviewer (j = 0.58)

Variability between centers

Variability between centers in agreement with central re-
view. Figure 1 shows the agreement between the individual

centers and the standardized central review for CT+ and for the

seven CT characteristics in 2050 patients. The different centers

showed substantial variability in how much they agreed with the

central review for each individual CT characteristic. Centers that

scored poorly on one characteristic did not necessarily do so on all

others. No clear trend could be found. Overall however, centers

showed highest agreement with the central review for MLS and

lowest agreement for TAI.

Variability between centers in amount and background of
the readers. The estimated pool of readers at the centers was

very large (over 250), with mainly four different medical specialties

that performed initial CT assessments (i.e., neurosurgeons, radiol-

ogists, intensivists, and radiology residents; Fig. 2A). Radiology

residents were included in our analysis because they are crucial in

first-line assessment. Years of experience in the case of residents

indicates the year of residency. Overall, the level of experience of

the readers was highly variable (Fig. 2B). However, the main group

of readers were radiologists with over 10 years of experience.

Discussion

To our knowledge, this is the first large-scale study that has

systematically compared central with local radiological evaluation

of acute CT pathology in TBI. Our data indicate that despite the

differences in workflow, the agreement between central reviewers

and local centers is good for identifying the presence or absence of

structural abnormalities (CT+, CT-). CT positive and CT negative

patients can thus accurately be differentiated in both local and

centralized radiologic evaluations. This is an important finding for

the reliability of research studies that investigate which predictors

(e.g., blood-based biomarkers) can differentiate between compli-

cated (CT+) and uncomplicated (CT-) TBI patients.18–22 Agree-

ment was also relatively good for the evaluation of most individual

CT characteristics, specifically for space-occupying extra-axial

bleedings (i.e., epidural and subdural hematomas), a finding that

also has been reported in previous studies.23,24

However, substantial disagreement may arise when more detailed

classification of injury is needed, even between expert radiolo-

gists.24,25 In our study, this is reflected in the significant scoring dis-

crepancies that were found between the two approaches for the

remaining investigated CT characteristics. Despite good kappa values

of agreement, four of seven CT characteristics had a positive McNe-

mar’s test, which indicates that different reporting tendencies existed

between central and local evaluation. Understanding these discor-

dances is crucial to the advancement of multi-center TBI research.

A possible explanation for these discrepancies is the use of

discordant reading criteria and terminology. For example, central

readers quantified the degree of tSAH according to NINDS TBI-

CDEs practices (trace, moderate, or full) and evaluated more

anatomical locations compared with the centers (cortical, basal,

tentorial, and interhemispheric vs. basal and/or cortical). This could

explain why the central review reported more tSAH. However,

detection and grading of tSAH is challenging and has been associ-

ated with low observer agreement in the past, even when concordant

terminology is used.24,26

Central reviewers also showed a tendency to report more basal

cistern compression. Evaluation of the basal cisterns is highly

subjective and depends on reader background, experience and

reading criteria. In addition, different ways to evaluate cisternal

compression exist. According to the neurosurgical guidelines of

2006, compression should be evaluated at the level of the midbrain

(i.e., the quadrigeminal cistern).27 However, radiologists assess all

FIG. 1. Variability between centers in agreement with the central review for a positive computed tomography scan (CT+) and seven
CT characteristics. The x-axis displays the individual centers and the dots represent the associated kappa value for each center.
Substantial variability exists between different centers in how much they agree with the central review.
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subarachnoid cisterns for any sign of abnormality. In our study,

central reviewers also evaluated all cisterns (i.e., the suprasellar,

prepontine, quadrigeminal, ambient cistern, and cisterna magna)

separately and reported any asymmetry, compression, or efface-

ment according to NINDS TBI-CDE practices (Fig. 3).

Differences in reading criteria and the subjective nature of visual

interpretation could explain why central reviewers systematically

reported more basal cistern compression.28 Besides cisternal

compression, MLS is an important indicator of mass effect and can

help determine the need for surgical intervention.27 However, de-

pending on local practices and reader background, measurements

of this CT characteristic can also vary (Fig. 4). Central readers

consistently used one measuring method (Fig. 4, method 2) and

only reported shift when greater than 5 mm. In contrast, no strict

reading criteria or cut-off values were used at the centers and the

pool of readers was very heterogeneous (Fig. 2 and Fig. 3). Ret-

rospective analysis showed that of 104 discordant cases, 93 patients

had a shift (89%) that was below 5 mm, indicating that the use of a

cut-off value of 5 mm in the central review is most probably the

main cause of discordance in our study and not the use of different

measuring methods. However, the 11 cases that were genuinely

discordant were borderline around 5 mm and differed substantially

between the three methods.

Finally, we found significant differences in the classification of

contusion and TAI. Small TAI lesions and cortical contusions can

be challenging to distinguish on CT, especially when they are oc-

curring at the gray–white matter junction (Fig. 5). Central re-

viewers reported all focal hyperdense axonal injuries as TAI,

including isolated ones that did not span multiple areas of the brain.

In contrast, local readers reported diffuse axonal injury (DAI),

which could have introduced a reporting bias and a tendency to

classify small focal axonal lesions as contusions or only report

diffuse lesions as DAI. The fact that local readers reported signif-

icantly more contusions supports this hypothesis. The detection of

contusions and TAI lesions has been associated with poor observer

agreement in the past.24,25 In addition, as shown in our study, ax-

onal injury terminology is still in a state of flux,29 which may lead to

interpretation differences. Better definitions are therefore needed.

At specific locations (i.e., in proximity to the os petrosum), con-

tusions can also easily be missed or overreported due to artefacts,

depending on the quality and resolution of the images.24 Magnetic

resonance imaging could offer greater anatomical detail and in-

creased sensitivity for the detection and classification of these two

lesion types.30–32

For all of the above-described discrepancies, reading criteria,

terminology, reader background, and experience play an important

role. Central reading in our study was performed by a select panel

of only three uniformly trained readers, using strict and standard-

ized reading criteria (NINDS TBI-CDEs) for all of the CT char-

acteristics. Variables were entered directly into the database by the

reader who performed the assessment. Excellent interobserver and

intra-observer agreement was found between all central readers for

FIG. 2A. Retrospectively collected information about the pool of readers at the level of the center. A substantial number of readers
were involved in radiological reading (> 250).
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all of the CT characteristics, including the ones that were discordant

with local evaluation. This indicates that no significant differences

existed between the assessments of the three reviewers in the

central reading panel. It also shows that their individual evaluations

were consistent.

The fact that central reading was so consistent allowed us to

perform a center-specific analysis to indirectly quantify inter-center

differences. This revealed substantial variability between the cen-

ters with regard to the extent of agreement with the central review

and confirms the existence of great variability in local radiological

reading.

Retrospective analysis showed that initial local evaluation of the

CT scans was performed by over 250 readers with different back-

grounds, different levels of experience and without the use of strict

reading criteria. In addition, CT characteristics were not always

entered by the physician who performed the assessment. In more

than half of the cases, the variables were entered into the database

by a third person, based on the radiological report, which could

have been an extra source of variability and human error. This

approach, however, reflects common procedures in recruiting

centers.

It is difficult, if not impossible, to implement strict reading cri-

teria at the level of the centers, where the evaluation is performed in

an emergency setting and where time is of the essence. In contrast,

in off-site central reading, the readers can go through the structured

template without any pressure of time or responsibility to guide

therapeutic decision-making. This could be another possible reason

why we find reading differences for certain lesion types, especially

those that the central reviewers tend to report more of. Our study

shows that in large-scale TBI studies, the pool of readers becomes

too heterogeneous and substantial variability arises between their

radiological readings, which could reduce the reliability and clin-

ical usefulness of the final radiological data. Our study also high-

lights the importance of using well-defined standardized reading

criteria and confirms that an off-site centralized review process

using NINDS TBI-CDEs considerably increases reading consis-

tency and reproducibility. The data, generated by central reviewers,

are highly reliable, minimize observer variability, and facilitate

analyses on large datasets between and across TBI studies. In light

of the urgent calls to standardize data collection in TBI research,33

we therefore strongly recommend the implementation of a central

review process in large-scale multi-center TBI studies.

FIG. 2B. Retrospectively collected information about the pool of readers at the level of the center. There was large variability in
background and experience between the readers. In most centers the local readers were radiologists with over 10 years of experience.
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We acknowledge several limitations inherent to our study.

First, kappa statistics are influenced by prevalence,34 which re-

stricted us to select individual centers with a large enough sample

to compare with the central review (n > 10). For some of these

centers, certain CT pathologies did not occur often, which can

explain the large confidence intervals in the center-specific

analysis. The same holds true for the intra-observer dataset

(n = 20), where some CT characteristics (e.g., epidural hematoma)

occurred less frequently. A second limitation is that we required a

retrospective analysis to uncover the number of local readers,

their background, and experience. This provided an estimate of

how many readers were actually involved and what their level of

experience was, as not all centers could retrieve all the requested

information. Finally, the lack of other prognostically important

CT characteristics in our definition of a CT+ (i.e., skull fractures,

pneumocephalus, intraventricular hemorrhage, ventricular com-

pression, brain herniation, etc.) may be considered a limitation.

Central reviewers assessed these characteristics, but they were not

evaluated at the centers and could therefore not be included in

our comparison.

FIG. 4. Different ways to measure midline shift (MLS) in one patient. (1) The (A/2-B) method according to Bullock and colleagues,27

where A is the width of the intracranial space and B is the distance from the tabula interna to the septum pellucidum at the foramen of
Monro (MLS = 1.44 cm). (2) The (A/2-B) method where shift is measured at the foramen of Monro, or alternatively at the site of largest
displacement, according to the Common Data Elements (TBI-CDE) (MLS = 2.01 cm). (3) A third method, which is commonly used in
routine radiological practice. The ideal midline C is determined as the line between the most anterior and posterior part of the falx
cerebri. Line D is drawn to the septum pellucidum and is then calculated as shift (MLS = 1.94 cm).

FIG. 3. Examples of discordances in three different patients between the central review and the centers for basal cistern compression.
The arrows indicate subarachnoid cisterns that were reported as compressed by the central review, but overall, were considered normal
by the centers.
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Conclusion

Our results indicate good agreement between central reviewers

and local investigators for the differentiation between CT positive

(CT+) and CT negative (CT-) TBI patients. We also found rela-

tively good agreement for the evaluation of most individual acute

CT characteristics, particularly for extra-axial bleedings. However,

relevant scoring discrepancies exist between the two approaches

upon subclassification of injury and substantial inter-center vari-

ability was found in local radiological reading. This is most prob-

ably attributable to the large size and heterogeneity of the pool of

readers. In contradistinction, interobserver and intra-observer

agreement between the select panel of central reviewers was ex-

cellent for almost all CT characteristics. We therefore conclude that

a standardized central review process with strict reading criteria

reduces reader variability, offers a more consistent radiological

reading, produces more reproducible data, and should be re-

commended for implementation in multi-center TBI studies.

Acknowledgments

Data used in preparation of this manuscript were obtained in the

context of CENTER-TBI, a large collaborative project supported

by the European Commission 7th Framework program (602150).

Funding of additional elements has been provided by the Hannelore

Kohl Foundation (Germany) and by the non-profit organization

One Mind.

CENTER-TBI Investigators and Participants

Ackerlund, Cecilia,1 Adams, Hadie,2 Agnoletti, Vanni,3 Allan-

son, Judith,4 Amrein, Krisztina,5 Andaluz, Norberto,6 Andelic,

Nada,7 Andreassen, Lasse,8 Antun, Azasevac,9 Anke, Audny,10

Antoni, Anna,11 Ardon, Hilko,12 Audibert, Gérard,13 Auslands,

Kaspars,14 Azouvi, Philippe,15 Azzolini, Maria Luisa,16 Baciu,

Camelia,17 Badenes, Rafael,18 Bartels, Ronald,19 Barzó, Pál,20
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Schipper, Inger,137 Schlößer, Barbara,21 Schmidt, Silke,111

Schoechl, Herbert,138 Schoonman, Guus,130 Schou, Rico Freder-

ik,139 Schwendenwein, Elisabeth,11 Schöll, Michael,29 Sir, Öz-
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tória,142 Tanskanen, Päivi,91 Taylor, Mark Steven,33 Te Ao,

Braden,71 Tenovuo, Olli,90 Telgmann, Ralph,53 Teodorani, Gui-

do,149 Theadom, Alice,71 Thomas, Matt,105 Tibboel, Dick,42 To-

lias, Christos,150 Tshibanda, Jean-Flory Luaba,151 Trapani, Tony,40

Tudora, Cristina Maria,112 Vajkoczy, Peter,67 Vallance, Shirley,43

Valeinis, Egils,78 Van der Steen, Gregory,60 van der Jagt, Ma-

thieu,152 van der Naalt, Joukje,88 van Dijck, Jeroen T.J.M.,63 van

Essen, Thomas A.,63 Van Hecke, Wim,101 van Heugten, Caroline,59

Van Praag, Dominique,60 Van Waesberghe, Julia,48 Vanhau-

denhuyse, Audrey,27,95 Vargiolu, Alessia,120 Vega, Emmanuel,153

Velt, Kimberley,47 Vespa, Paul M.,154 Vik, Anne,155 Vilcinis, Ri-

mantas,156 Vizzino, Giacinta,17 Vleggeert-Lankamp, Carmen,63

Volovici, Victor,82 Voormolen, Daphne,47 Vulekovic, Peter,9 Vá-
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108Department of Neurosurgery, The Walton Centre NHS

Foundation Trust, Liverpool, United Kingdom.
109Department of Medical Genetics, University of Pécs, Pécs,
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